Epileptogenesis and epileptic maturation in phosphorylation site-specific SNAP-25 mutant mice.
Snap25(S187A/S187A) mouse is a knock-in mouse with a single amino acid substitution at a protein kinase C-dependent phosphorylation site of the synaptosomal-associated protein of 25 kDa (SNAP-25), which is a target-soluble NSF attachment protein receptor (t-SNARE) protein essential for neurotransmitter release. Snap25(S187A/S187A) mice exhibit several distinct phenotypes, including reductions in dopamine and serotonin release in the brain, anxiety-like behavior, and cognitive dysfunctions. Homozygous mice show spontaneous epileptic convulsions, and about 15% of the mice die around three weeks after birth. The remaining mice survive for almost two years and exhibit spontaneous recurrent seizures throughout their lifetime. Here, we conducted long-term continuous video electroencephalogram recording of the mice and analyzed the process of epileptogenesis and epileptic maturation in detail. Spikes and slow-wave discharges (SWDs) were observed in the cerebral cortex and thalamus before epileptic convulsions began. SWDs showed several properties similar to those observed in absence seizures including (1) lack of in the hippocampus, (2) movement arrest during SWDs, and (3) inhibition by ethosuximide. Multiple generalized seizures occurred in all homozygous mice around three weeks after birth. However, seizure generation stopped within several days, and a seizure-free latent period began. Following a spike-free quiet period, the number of spikes increased gradually, and epileptic seizures reappeared. Subsequently, spontaneous seizures occurred cyclically throughout the life of the mice, and several progressive changes in seizure frequency, seizure duration, seizure cycle interval, seizure waveform, and the number and waveform of epileptic discharges during slow-wave sleep occurred with different time courses over 10 weeks. Anxiety-related behaviors appeared suddenly within three days after epileptic seizures began and were delayed markedly by oral administration of valproic acid. These results showed that Snap25(S187A/S187A) mice exhibited a variety of epilepsy-related phenomena, and thus, they will be useful for understanding the mechanisms of epileptogenesis, epileptic maturation, and the actions of antiepileptic drugs.